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SPECIFICATION 



SEAM WELDING APPARATUS 



TECHNICAL FIELD 

The present invention relates to a seam welding apparatus for 
5 performing seam welding for a metallic sheet, and especially to the seam 
welding apparatus enabling a plurality of metallic sheets, whish are 
arranged in a line, to be seam welded together without causing 
interference. 

BACKGROUND OF THE INVENTION 

10 If there is a wish that heat transfer coefficient is increased to 

enhance heat exchange effectiveness, in case of utilizing a heat 
exchanger by which interchange of heat (heat exchange) is made between 
a high temperature fluid and a low temperature fluid, a plate- type heat 
exchanger has conventionally been used widely. The plate-type heat 

15 exchanger has a structure in which a plurality of heat transfer members 
having a plate- shape are placed parallelly one upon another at 
prescribed intervals so as to form passages, which are separated by 
means of the respective heat transfer member. The high temperature 
fluid and the low temperature fluid flow alternately in the 

20 above-mentioned passages to make heat exchange through the respective 
heat transfer members. 



structure, a gasket formed of elastic material is placed between the 
adjacent heat transfer members to keep the distance of the space 
25 between them constant and divide the space into passages for the fluids. 
However, an increased pressure of the heat exchange fluids passing 
through the space between the heat transfer members may cause 



In the conventional heat exchanger having the above-described 
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occurrence of deformation of the gasket, thus making it impossible to 
separate properly the heat exchange fluids from each other and leading 

30 to improper change in distance between the heat transfer members, 
resulting in difficulty in effective heat exchange. Consequently, use of 
the heat exchange fluids is limited only within a pressure range that the 
gasket can withstand. 

In view of such circumstances, the other plate-type heat 

35 exchanger having a structure in which the heat transfer members formed 
of metallic sheet and placed at a predetermined interval are directly 
connected at their edges through a brazed joint, without using any 
gasket, so as to combine the heat transfer members together, while 
forming passage portions on the opposite sides of the respective heat 

40 transfer member, has recently been put into practical use. 

The conventional heat exchangers have the above-described 
structures. The heat exchanger in which the heat transfer members are 
brazed, can withstand a higher pressure of fluid than the heat exchanger 
utilizing the gasket. However, the brazing metal utilized to connect the 

45 heat transfer members to each other has a lower strength than the 
portion of the metallic sheet, due to the connection mechanism and 
property of brazed material. As a result, such a heat exchanger has a 
structure in which the strength in the joint portions of the heat transfer 
members is considerably deteriorated. When there is a large difference 

50 in pressure between the heat exchange fluids flowing on the opposite 
surfaces side of the heat transfer member and the high pressure heat 
exchange fluid passes the space between the heat transfer members 
connected to each other through the brazed joint, the brazed joint 
portion may break to cause the fluid to leak from the high pressure side 

55 to the low pressure side. Accordingly, the high pressure heat exchange 
fluid has not still been fully utilized, thus causing a problem. 
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With respect to connection of the metallic sheets, in which such 
a tight sealing property is regarded as important, it is preferable to apply 
a seam welding method, which provides the connected portion with a 

60 sufficient strength to enable the connected portion to withstand 
continuous and high pressure. However, the heat exchanger has the 
structure in which the metallic sheets for the heat transfer members are 
arranged in a line in the extremely short distance. As a result, when the 
conventional seam welding apparatus is used, a certain portion(s) of 

65 thereof may interfere with the metallic sheet, which is placed in parallel 
with the other metallic sheet to be welded. It has therefore been difficult 
to locate welding electrodes so as to place the metallic sheet to be welded 
between the welding electrodes, thus making it impossible to cariy out 
the seam welding. 

70 An object of the present invention is therefore to provide a seam 

welding apparatus, which enables, even when metallic sheets are 
arranged in a line in a short distance, welding electrodes to come into 
contact only with the metallic sheet to be welded, so as to provide a 
reliable welding of the metallic sheets to form connected portions having 

75 high strength. 

DISCLOSURE OF THE INVENTION 

A seam welding apparatus of the present invention, comprises: 
at least one roller electrode, which is rotatable; 
an other electrode for making a pair in cooperation with said 
80 roller electrode; and 

a main body for supporting said roller electrode and the other 
electrode, 

two metallic sheets to be welded, which are placed one upon 
another, being held at edge portions thereof between said roller electrode 
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85 and said other electrode, said roller electrode being rotated to make a 
relative movement along the edge portions of the metallic sheets, while 
pressing the metallic sheets by both of the electrodes and applying an 
electric current to them therethrough, thereby seam welding the two 
metallic sheets, 

90 wherein: 

said main body supports a plurality of sets of two metallic sheets 
to be welded so as to place the sets of two metallic sheets in a line at a 
predetermined interval; 

said other electrode is a stationary electrode, which has a flat 

95 electrode surface continuously extending by substantially the same 
length as a portion to be welded of said metallic sheet, a portion of said 
stationary electrode, which include said electrode surface, having a 
smaller thickness than said interval between the sets of metallic sheets, 
said electrode surface coming into contact with the portion to be welded 
100 of one of the two metallic sheets to be welded; 

said roller electrode is a disc- shaped body, which is rotatable 
around a central axis inclining at a predetermined angle relative to a 
surface of the metallic sheet, said disc- shaped body having an outer 
peripheral portion, which serves as a conical electrode surface based on 
105 a conical generatrix relative to the central axis, and said conical electrode 
surface being capable of coming into contact with the portion to be 
welded of the other of the two metallic sheets, in a state in which a top 
side of said conical electrode surface is placed on a side of the edge of the 
metallic sheet. 

110 According to the present invention, the roller electrode, which 

has on its outer peripheral portion the conical electrode surface, is 
supported by the central axis inclined relative to the surface of the 
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metallic sheet to be welded, and there is provided the stationary electrode 
in which the portion including the flat electrode surface has the smaller 

115 thickness. Even when a plurality of sets of two metallic sheets to be 
welded are placed in a line so that the plurality of sets of metallic sheets 
are welded together, it is possible to bring the electrode surface of the 
roller electrode in the inclined state into contact with the surface of one 
of the metallic sheets to be welded, while inserting the stationary 

120 electrode into a gap facing the other metallic sheet so as to bring the 
electrode surface of the stationary electrode into contact with the surface 
of the metallic sheet, thus preventing interference of the roller electrode 
and the stationary electrode with the metallic sheet, which is not 
currently subjected to the welding. It is therefore possible to hold firmly 

125 the metallic sheet to be welded by the roller electrode and the stationary 
electrode to apply pressure and an electric current to the metallic sheet, 
thus performing the seam welding, which provides the connection 
structure of the metallic sheets having high strength. 

In the seam welding apparatus of the present invention, the 
130 above-mentioned conical electrode surface of said roller electrode may be 
electrically insulated from a bottom surface of a conical shape of said 
conical electrode. 

According to the present invention, the end surface of the conical 
shape of the conical (electrode is electrically insulated from the electrode 

135 surface of the roller electrode so that no welding current is applied to the 
above-mentioned bottom surface. Even if the end surface of the roller 
electrode, which is apt to come into contact with the other metallic sheet 
that is not currently subjected to the welding, comes into contact with 
the other metallic sheet, there occur no problem such as a short-circuit 

140 and it is possible to continue the welding operation utilizing the roller 
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electrode, so as to carry out the same welding in a reliable manner, thus 
providing ensured tight sealing property and strength of the welded 
portion. 

The seam welding apparatus of the present invention may 
145 further comprise one or more guide members provided at one or more 
prescribed positions on an upstream side and/ or a downstream side of 
said roller electrode in a direction of said relative movement thereof so as 
to be movable together with said roller electrode relative to said metallic 
sheet and said stationary electrode, said guide members being disposed 
150 so as to be apart from the electrode surface of said stationary electrode 
by a distance of at least twice as much as a thickness of the metallic 
sheet, said guide members coming into contact with the metallic sheet 
with which said roller electrode comes into contact, while being 
electrically insulated from the roller electrode. 

155 According to the present invention, the guide member, which is 

to come into contact with the metallic sheet with which the roller 
electrode is to come into contact, is provided on the upstream or 
downstream side of the roller electrode in the direction of the relative 
movement thereof so as to hold the two metallic sheets by means of the 

160 guide member, to prevent the two metallic sheets from being separated 
from each other. Even if the metallic sheets are warped or curved at 
their edge portions, it is therefore possible to bring the two metallic 
sheets into close contact with each other, irrespective of the pressing 
action by the roller electrode. As a result, it is possible to weld the 

165 metallic sheets together in an accurate positional relationship thereof, 
without causing deviation. 

In the seam welding apparatus of the present invention, the 
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above-mentioned roller electrode may have a conical surface, which is 
placed adjacently on the top side of said electrode surface and has a 
170 larger conical generatrix angle than that of the electrode surface. 

According to the present invention, the electrode surface of the 
roller electrode has the other conical surface formed on the top side of 
the conical shape so that the thickness of the roller electrode becomes 
smaller from the central side to the outer peripheral side. It is therefore 

175 possible to impart a sufficient strength to withstand the pressing force 
applied to the metallic sheet to the whole roller electrode and facilitate 
insertion of the roller electrode into the gap between the metallic sheets. 
Interference of the roller electrode with the metallic sheet, which is not 
currently subjected to the welding, can be prevented, thus improving the 

180 welding operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a seam welding apparatus according to 
an embodiment of the present invention; 

FIG. 2 is a plan view of the seam welding apparatus according to 
185 the embodiment of the present invention; 

FIG. 3 is a front view of the seam welding apparatus according to 
the embodiment of the present invention; 

FIG. 4 is a descriptive view illustrating arrangement of metallic 
sheets, which are supported by the seam welding apparatus according to 
190 the embodiment of the present invention; and 

FIG. 5 is an enlarged view of essential structural components of 
the seam welding apparatus according to the embodiment of the present 
invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 



195 Now, an embodiment of the present invention will be described 

with reference to FIGS. 1 to 5. FIG. 1 is a side view of a seam welding 
apparatus according to an embodiment of the present invention; FIG. 2 
is a plan view of the seam welding apparatus according to the 
embodiment of the present invention; FIG. 3 is a front view of the seam 

200 welding apparatus according to the embodiment of the present invention; 
FIG. 4 is a descriptive view illustrating arrangement of metallic sheets, 
which are supported by the seam welding apparatus according to the 
embodiment of the present invention; and FIG. 5 is an enlarged view of 
essential structural components of the seam welding apparatus 

205 according to the embodiment of the present invention. 

The seam welding apparatus 1 according to the embodiment of 
the present invention includes, as shown in the figures, a main body 10 
for supporting the whole of a plurality of sets of two metallic sheets 50 to 
be welded so as to place the sets of two metallic sheets in a line at a 

210 predetermined interval; a disc-shaped roller electrode 20, which is 
mounted on the main body 10 so as to be movable within a 
predetermined range in parallel with the edge of the metallic sheet 50 
and is rotatable around the central axis inclined by a predetermined 
angel relative to the metallic sheet 50; a stationary electrode 30, which 

215 has a flat electrode surface 31 that is in parallel with the moving 
direction of the roller electrode 20, and is stationarily supported on the 
main body 10; and two guide members 40, which are provided at two 
positions on the main body 10 on the upstream and downstream sides of 
the roller electrode 20 in the moving direction thereof so as to be movable 

220 together with the roller electrode 20, and come into contact with the 
metallic sheet 50 with which the roller electrode 20 comes into contact, 
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to urge the metallic sheet 50 against the stationary electrode 30. 

The roller electrode 20 is formed into a disc-shaped body, which 
has on its outer peripheral portion a conical surface. The outer 

225 peripheral portion of the conical surface serves as an electrode surface 
21. The roller electrode 20 is provided rotatably as a part of a moving 
mechanism 12, which is supported on the main body 10 so as to be 
parallelly movable through a known linear motion guiding apparatus 1 1 . 
The moving mechanism 12 includes an electrode rotation shaft 13 having 

230 the tip end thereof to which the roller electrode 20 and a cooling block 23 
are fixed by means of bolts 13a; an electrode head 14 for rotatably 
supporting the electrode rotation shaft 13 and also supporting a roller 
electrode driving motor 24; a base member 15 for swingably supporting 
the electrode head 14 through a hinge 14a; and a pressing mechanism 

235 16 for pressing the roller electrode 20 against the metallic sheet 50 by a 
predetermined pressing force utilizing a spring pressure system, as an 
occasion demands. 

The known linear motion guiding apparatus 1 1 includes a guide 
rail 11a, which is disposed in parallel with the above-mentioned 
240 stationary electrode 30, and a movable block lib, which is slidably fitted 
on the guide rail 11a. The base member 15 of the moving mechanism 
12, which includes the roller electrode, is fixed on the above-mentioned 
movable block lib so as to be movable in parallel with the edge of the 
metallic sheet 50 to be welded, together with the movable block lib. 

245 The electrode head 14 is swingably supported around the hinge 

14a so as to enable the roller electrode 20, which is provided on the tip 
end of the electrode head 14, to come close to the stationary electrode 30 
or go away therefrom. The pressing mechanism 16 includes a spring 
case 17, which is swingably supported through a hinge 17a on a bracket 
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250 14b projecting from the electrode head 14; a spring (not shown) received 
in the spring case 17; a rod 18 connected to the spring; and a handle 19 
swingably supported through a hinge 19a on the base member 15. 
Operating the handle 19, which is also connected to the rod 18, causes a 
toggle function for pressure required for welding to move the electrode 

255 head 14, thus enabling the roller electrode 20 to be put in a pressed 
state or a released state. 

The electrode surface 21 of the roller electrode 20 is formed into 
a conical shape having a conical generatrix angle, which is identical to 
the inclination angle of the central axis of the roller electrode 20 relative 

260 to the metallic sheet 50. The top side of the conical shape is placed on 
the side of the edge of the metallic sheet 50. The electrode surface 21 
can come into contact with an edge portion, i.e., a portion to be welded of 
the metallic sheet 50, which is away from the main body 10, of the two 
metallic sheets to be welded, supported by the main body 10. The 

265 inclination angle of the central axis of the roller electrode 20 relative to 
the metallic sheet 50 and the conical generatrix angle of the electrode 
surface 21 are determined within ranges so that, in a state in which the 
roller electrode 20 comes into contact with the portion of the metallic 
sheet 50 to be welded, the roller electrode 20 does not interfere with the 

270 other metallic sheet 50. Especially, it is preferable to set the inclination 
angle of about 35 degree of the central axis of the roller electrode 20 
relative to the surface of the metallic sheet 50 to which the pressing force 
is to be applied by the electrode surface 2 1 . 

The roller electrode has a conical surface, which is placed on the 
275 top side of the electrode surface 21 and has a larger conical generatrix 
angle than the electrode surface 21 so as to ensure the sufficient 
strength of the whole roller electrode 20 and provide a shape having the 



-10- 



reduced thickness of the outer peripheral portion. In addition, the 
surface of the bottom of the conical shape is covered with material, which 
280 is insulated form the electrode surface 21 of the roller electrode 20. 

In addition, a continuously extending cooling hole 70 is formed 
in the inside of the roller electrode 20, the electrode rotation shaft 13 and 
the cooling block 23. A pipe 71 for supplying cooling water is inserted 
into the cooling hole 70. Supplying the cooling water into a deep side of 

285 the cooling hole 70 through the pipe 71 and then introducing the cooling 
water to the outside of the hole through a space between the outer 
surface of the pipe 71 and the inner surface of the cooling hole 70 to 
circulate the cooling water in the inside of the roller electrode 20 makes 
it possible to prevent the temperature of the roller electrode 20 from 

290 increasing due to resistance heat during welding. O-rings 80 to 
maintain the watertight sealing property are inserted between the contact 
surfaces of the electrode rotation shaft 13 and the roller electrode 20 and 
the contact surface of the roller electrode 20 and the cooling block 23. 

The stationary electrode 30 has a flat electrode surface 31 
295 continuously extending by substantially the same length as the portion 
to be welded of the metallic sheet 50 on the edge side thereof. The 
portion of the stationary electrode, which includes the electrode surface 
3 1 , has a smaller thickness than the interval between the set of metallic 
sheets 50. The above-mentioned portion of the stationary electrode can 
300 be inserted into a gap 55 between the set of metallic sheets so as to come 
into contact with the portion adjacent to the edge of the metallic sheet 50, 
which is to be subjected to the welding, or removed from the gap. The 
stationary electrode 30 and the roller electrode 20 are connected to a 
welding power source (not shown) through cables 32, 22, respectively. 

305 The guide members 40 are two bar-shaped bodies projecting 
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from the base member 15, which is movable relative to the main body 10 
in an interlocking relation to the roller electrode 20. The guide members 
are electrically insulated from the roller electrode 20. The peripheral 
surface of the bar-shaped body comes into contact with the surface of 
310 the metallic sheet 50 on the side thereof with which the roller electrode 
20 comes into contact with, to hold the metallic sheet 50. This 
structure prevents the two metallic sheets 50 to be welded from 
separating from each other between the roller electrode 20 and the 
stationary electrode 30. 

315 Now, description will be given below of the welding process of the 

metallic sheets utilizing the seam welding apparatus according to the 
embodiment of the present invention. As a precondition, the metallic 
sheet 50 to be welded has a central portion having a rectangular shape, 
on which a heat transfer face 51 having corrugation optimized for heat 

320 transfer is previously formed by means of a predetermined pressing 
apparatus (not shown) so as to serve as the heat transfer member of the 
heat exchange unit, and flat portions 52, 53 are formed on the outer 
peripheral edge surrounding the heat transfer face 51. Such a metallic 
sheet 50 is placed on the other metallic sheet 50 and these sheets are 

325 seam-welded together at the flat portions 53 of the edges on the opposite 
sides of the metallic sheets in the direction of the shorter sides thereof in 
a watertight manner, with the use of the known usual seam welding 
apparatus to form a welding unit 60. Such a welding unit 60 and the 
other welding units 60 are placed one upon another in a combined state 

330 and then supported on the main body 10. The flat portions 52 of the 
metallic sheets 50, which are overlapped one another and come into 
contact with each other on the sides of the metallic sheets in the 
direction of the longer side thereof, are to be welded. 
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In the welding process, the stationary electrode 30 is inserted 
335 first into the gap 55, which faces the metallic sheets 50 placed on the 
adjacent side to the main body 10, of the plurality of sets of metallic 
sheets, as overlapped one another and the electrode surface 31 is 
brought into contact with the metallic sheet 50. In addition, the roller 
electrode 20 is placed in the welding starting position within the range of 
340 movement on the main body 10 and the electrode surface 21 of the roller 
electrode 20 is brought into contact with the other metallic sheet 50. 
The guide members 40 disposed on the opposite sides of the roller 
electrode 20 urge the metallic sheet 50 against the stationary electrode 
30 on the opposite sides of the contact position of the roller electrode 20 
345 to provide a state in which the two metallic sheets 50 are placed one 
upon another in a reliable manner and brought into contact with each 
other. 

A pressing/ current- applying operation utilizing the roller 
electrode 20 is started and then the motor 24 drives the roller electrode 

350 20 through the electrode rotation shaft 13. The driven roller electrode 
20 rotates to roll on the metallic sheet 50, while the whole moving 
mechanism 12 travels along the guide rail 11a in parallel to the edge of 
the metallic sheet 50 so that the two metallic sheets 50 are seam welded 
together between the electrode surface 2 1 of the traveling roller electrode 

355 20 and the electrode surface 31 of the stationary electrode 30. The 
roller electrode 20 having the conical electrode surface 21 comes into 
contact with the metallic sheet 50 in an inclined state and the stationary 
electrode 30 is provided with the low-profile portion having the electrode 
surface 31. It is therefore possible to prevent the roller electrode 20 and 

360 the stationary electrode 30 from interfering with the other metallic sheets 
than the metallic sheet currently subjected to the welding, thus 
performing the seam welding, while pressing the two metallic sheets 50 
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by means of the roller electrode 20 and the stationary electrode 30 in a 
reliable manner. When the roller electrode 20 reach the welding 
365 finishing position within the range of movement, the 
pressing/ current-applying operation utilizing the roller electrode 20 halts, 
and the electrode surface 21 of the roller electrode 20 is removed from 
the metallic sheet 50, thus completing a single step of the welding 
process. 

370 When the stationary electrode 30 is also removed from the set of 

metallic sheets, to which the welding step has been applied, the 
supporting position of the metallic sheets 50 on the main body 10 is 
shifted so as to place the other two metallic sheets 50 to be welded in the 
welding position. After the roller electrode 20 and the stationary 

375 electrode 30 are rearranged so as to hold the above-mentioned other two 
metallic sheets 50 between the roller electrode 20 and the stationary 
electrode 30, the sequential welding operation is repeated. 

When all the metallic sheets 50 are welded together to combine 
the welding units 60 of the metallic sheets 50 into the heat exchange 

380 unit (not shown), the entire metallic sheets 50 of which the heat 
exchange unit is composed, is removed from the main body 10, and then 
the sequential welding process is completed. In the thus obtained heat 
exchange unit, the edge portions of the metallic sheets are seam welded 
together, thus providing high strength and withstand the high pressure 

385 of the liquid. 

According to the seam welding apparatus of the embodiment of 
the present invention, the roller electrode 20, which has on its outer 
peripheral portion the conical electrode surface 21, is supported by the 
central axis inclined relative to the surface of the metallic sheet 50 to be 
390 welded, and there is provided the stationary electrode 30 in which the 
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portion including the flat electrode surface 31 has the smaller thickness. 
The electrode surface 21 of the roller electrode 20 is brought in the 
inclined state into contact with the surface of one of the metallic sheets 
50 overlapped one another, while inserting the stationary electrode 30 

395 into the gap facing the other metallic sheet 50 so as to bring the 
electrode surface 3 1 of the stationary electrode 30 into contact with the 
surface of the metallic sheet 50. Even when a plurality of sets of 
metallic sheets 50 are placed in a line by a predetermined interval, it is 
possible to prevent interference of the roller electrode 20 and the 

400 stationary electrode 30 with the metallic sheet 50, which is not currently 
subjected to the welding. It is therefore possible to hold firmly the 
metallic sheet 50 to be welded by the roller electrode 20 and the 
stationary electrode 30 to perform the seam welding. In addition, the 
end surface of the conical shape of the conical electrode is electrically 

405 insulated from the electrode surface 21 of the roller electrode 20. Even 
if the end surface of the roller electrode 20 comes into contact with the 
other metallic sheet 50 that is not currentiy subjected to the welding, 
there occur no problem such as a short-circuit and it is possible to 
continue the welding operation utilizing the roller electrode 20, so as to 

410 carry out the same welding in a reliable manner. 

INDUSTRIAL AVAILABILITY 

According to the present invention, the roller electrode, which 
has on its outer peripheral portion the conical electrode surface, is 
supported by the central axis inclined relative to the surface of the 
415 metallic sheet to be welded, and there is provided the stationary electrode 
in which the portion including the flat electrode surface has the smaller 
thickness. Even when a plurality of sets of two metallic sheets to be 
welded are placed in a line so that the plurality of sets of metallic sheets 
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are welded together, it is possible to bring the electrode surface of the 
420 roller electrode in the inclined state into contact with the surface of one 
of the metallic sheets to be welded, while inserting the stationary 
electrode into a gap facing the other metallic sheet so as to bring the 
electrode surface of the stationary electrode into contact with the surface 
of the metallic sheet, thus preventing interference of the roller electrode 
425 and the stationary electrode with the metallic sheet, which is not 
currently subjected to the welding. It is therefore possible to hold firmly 
the metallic sheet to be welded by the roller electrode and the stationary 
electrode to apply pressure and an electric current to the metallic sheet, 
thus performing the seam welding, which provides the connection 
430 structure of the metallic sheets having high strength. 

According to the present invention, the end surface of the conical 
shape of the conical electrode is electrically insulated from the electrode 
surface of the roller electrode so that no welding current is applied to the 
above-mentioned bottom surface. Even if the end surface of the roller 

435 electrode, which is apt to come into contact with the other metallic sheet 
that is not currently subjected to the welding, comes into contact with 
the other metallic sheet, there occur no problem such as a short-circuit 
and it is possible to continue the welding operation utilizing the roller 
electrode, so as to carry out the same welding in a reliable manner, thus 

440 providing ensured tight sealing property and strength of the welded 
portion. 

According to the present invention, the guide member, which is 
to come into contact with the metallic sheet with which the roller 
electrode is to come into contact, is provided on the upstream or 
445 downstream side of the roller electrode in the direction of the relative 
movement thereof so as to hold the two metallic sheets by means of the 
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guide member, to prevent the two metallic sheets from being separated 
from each other. Even if the metallic sheets are warped or curved at 
their edge portions, it is therefore possible to bring the two metallic 
450 sheets into close contact with each other, irrespective of the pressing 
action by the roller electrode. As a result, it is possible to weld the 
metallic sheets together in an accurate positional relationship thereof, 
without causing deviation. 

According to the present invention, the electrode surface of the 
455 roller electrode has the other conical surface formed on the top side of 
the conical shape so that the thickness of the roller electrode becomes 
smaller from the central side to the outer peripheral side. It is therefore 
possible to impart a sufficient strength to withstand the pressing force 
applied to the metallic sheet to the whole roller electrode and facilitate 
460 insertion of the roller electrode into the gap between the metallic sheets. 
Interference of the roller electrode with the metallic sheet, which is not 
currently subjected to the welding, can be prevented, thus improving the 
welding operation. 
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